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(57) ABSTRACT 

A barrier layer including a titanium ?lm is formed at a loW 
temperature, and a TiSi,C ?lm is self-conformably formed at 
the interface betWeen the titanium ?lm and the base. In form 
ing the TiSi,C ?lm 507, the following steps are repeated With 
out introducing argon gas: a ?rst step of introducing a tita 
nium compound gas into the processing chamber to adsorb 
the titanium compound gas onto the silicon surface of a sili 
con substrate 502; a second step of stopping introduction of 
the titanium compound gas into the processing chamber and 
removing the titanium compound gas remaining in the pro 
ces sing chamber; and a third step of generating plasma in the 
processing chamber While introducing hydrogen gas into the 
processing chamber to reduce the titanium compound gas 
adsorbed on the silicon surface and react it With the silicon in 
the silicon surface to form the TiSi,C ?lm 507. 

16 Claims, 14 Drawing Sheets 
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FILM FORMING METHOD AND SUBSTRATE 
PROCESSING APPARATUS 

FIELD OF THE INVENTION 

The present invention relates to a ?lm forming method and 
substrate processing apparatus for forming a predetermined 
?lm on a target substrate such as a semiconductor Wafer or a 

?at panel display (FPD) substrate. 

BACKGROUND OF THE INVENTION 

A semiconductor device, such as a CMOS transistor, has a 
connection structure including a Wiring layer and a substrate, 
or a Wiring layer and another Wiring layer. In detail, as shoWn 
in FIG. 17, a contact hole 20 is formed betWeen the P/N 
impurity diffusion layer (diffusion layer) 10 of a Si substrate 
(Si Wafer) and a ?rst Wire, and a via hole 30 is formed betWeen 
the ?rst Wire and a second Wire. The contact hole 20 and via 
hole 30 are ?lled With metal such as tungsten or copper, and 
are electrically connected to the Si substrate or a Wiring layer. 
Recently, prior to the ?lling of metal, barrier layers, such as 
Ti/TiN laminate layers, are formed in the contact hole 20 and 
the via hole 30, and thus barrier layers 22 and 32 are formed. 

Conventionally, for the formation of a Ti layer or a TiN 
layer, physical vapor deposition (PVD) Was used. HoWever, at 
the present time, When the re?nement and hi gh-integration of 
semiconductor devices are conducted, the aspect ratio (ratio 
of diameter to depth) of a contact hole or a via hole has greatly 
increased. Due thereto, chemical vapor deposition (CVD) 
having good step coverage has been frequently employed in 
the formation of a barrier layer. 

HoWever, in order to reduce the contact resistance of metal 
in the diffusion layer 10 and the contact hole 20, it is prefer 
able to interpose, for example, an alloy layer 12, such as a 
TiSi,C ?lm (titanium silicide ?lm), betWeen the barrier layer 22 
and the diffusion layer 10, and to adjust the Work functions of 
the interfaces betWeen the barrier layer 22 and the diffusion 
layer 10, thus decreasing a Schottky barrier based on the 
difference betWeen the Work functions. 

For example, plasma CVD may be used to form such a 
TiSi,C ?lm. This technique is con?gured to use H2 gas as 
reducing gas While using TiCl4 gas as a raW gas, and to form 
a Ti ?lm at a temperature of about 650° C. and form the alloy 
layer 12 in a self-aligning manner by reacting part of the Ti 
?lm With the Si substrate simultaneously With the formation 
of the Ti ?lm. 

In addition, a method of forming a ?lm by dividing a Ti ?lm 
having a predetermined thickness through a plurality of pro 
cesses has been proposed. For example, the folloWing Patent 
Document 1 discloses plasma sequential ?oW deposition 
(SFD) as such a division ?lm forming method. According to 
this processing method, a Ti ?lm is prevented from being 
peeling and coming off even if the ?lm is formed at a loW 
temperature of, for example, 4500 C. or less, and, as a result, 
a Ti ?lm having good ?lm quality can be formed. 

Patent Document 1: Japanese Patent Application Publica 
tion No. 2004-232080 

HoWever, a request for a decrease in the temperature of ?lm 
formation has recently increased mainly for the purpose of 
the realiZation of high-speed in semiconductor devices. Due 
thereto, a target substrate is preferably maintained at a loW 
temperature (for example, 4500 C. or less) even in the case of 
the formation of the barrier layer of a contact hole. HoWever, 
When a Ti ?lm is formed at loW temperature using conven 
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2 
tional plasma CVD, there is a problem in that a large amount 
of Cl remains in the Ti ?lm, thus increasing the resistance of 
the Ti ?lm. 

Accordingly, a high-quality Ti ?lm in Which an excessively 
small amount of Cl remains even at loW temperature can be 
formed in accordance With the formation of a Ti ?lm based on 
plasma SFD. HoWever, a Ti ?lm formed by executing the 
plasma SFD at a high temperature of, for example, 6500 C. or 
more reacts With a Si substrate, thus being easily silicided; 
and, as a result, a good TiSi,C ?lm can be formed. HoWever, 
since a Ti ?lm formed by executing plasma SFD at a loW 
temperature of, for example, 4500 C. or less cannot be easily 
silicided, it is dif?cult to form a good TiSi,C ?lm. 

SUMMARY OF THE INVENTION 

In vieW of the above, the present invention is to provide a 
?lm forming method Which can ef?ciently form a barrier 
layer including a high-quality Ti ?lm even at loW temperature, 
and can form a TiSix ?lm on an interface region betWeen the 
Ti ?lm and its base in a self-aligning manner. 

To achieve the object, in accordance With one aspect of the 
present invention, there is provided a ?lm forming method of 
forming a titanium ?lm or a titanium compound ?lm on a 
target substrate in a processing chamber, including a titanium 
silicide ?lm formation step of forming a titanium silicide ?lm 
on the target substrate; and a titanium ?lm formation step of 
forming a titanium ?lm on the titanium silicide ?lm, Wherein 
the titanium silicide ?lm formation step is performed by 
repeating: a ?rst step of introducing titanium compound gas 
into the processing chamber and adsorbing the titanium com 
pound gas onto a surface of the target substrate, a second step 
of stopping the introduction of the titanium compound gas 
into the processing chamber to thereby remove the titanium 
compound gas remaining in the processing chamber, and a 
third step of generating plasma in the processing chamber 
While introducing hydrogen gas into the processing chamber 
to thereby reduce the titanium compound gas adsorbed onto a 
silicon-containing surface of the target substrate, and of react 
ing the titanium compound gas With silicon of the silicon 
containing surface to thereby form the titanium silicide ?lm, 
Wherein the titanium ?lm formation step is performed by 
repeating: a fourth step of generating plasma in the process 
ing chamber While introducing the titanium compound gas 
and the hydrogen gas into the processing chamber to thereby 
form the titanium ?lm on the target substrate, and a ?fth step 
of stopping introduction of the titanium compound gas into 
the processing chamber While maintaining the plasma to 
thereby perform plasma annealing on the titanium ?lm. 

Further, there is provided a substrate processing apparatus, 
including: a processing chamber in Which a ?lm formation is 
formed on a target substrate; a gas supply unit con?gured to 
selectively supply at least titanium compound gas, reducing 
gas and argon gas into the processing chamber; a plasma 
generation unit con?gured to generate plasma in the process 
ing chamber; a temperature adjustment unit con?gured to 
adjust a temperature of the target substrate mounted in the 
processing chamber; and a control unit con?gured to control 
operations of the gas supply unit, the plasma generation unit, 
and the temperature adjustment unit, Wherein the control unit 
performs a titanium silicide ?lm formation step of forming a 
titanium silicide ?lm on the target substrate by repeating: a 
?rst step of introducing titanium compound gas into the pro 
cessing chamber and adsorbing the titanium compound gas 
onto a surface of the target substrate, a second step of stopping 
introduction of the titanium compound gas into the process 
ing chamber to thereby remove the titanium compound gas 
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remaining in the processing chamber, and a third step of 
generating plasma in the processing chamber While introduc 
ing hydrogen gas into the processing chamber to thereby 
reduce the titanium compound gas adsorbed onto a silicon 
containing surface of the target substrate, and of reacting the 
titanium compound gas With silicon of the silicon-containing 
surface to thereby form the titanium silicide ?lm, and Wherein 
the control unit performs a titanium ?lm formation step of 
forming a titanium ?lm on the titanium silicide ?lm by repeat 
ing: a fourth step of generating plasma in the processing 
chamber While introducing the titanium compound gas and 
the hydrogen gas into the processing chamber to thereby form 
the titanium ?lm on the target substrate, and a ?fth step of 
stopping introduction of the titanium compound gas into the 
processing chamber While maintaining the plasma, thus per 
forming plasma annealing on the titanium ?lm. 

According to the present invention, the ?rst to third steps 
for stacking a titanium silicide ?lm on a silicon-containing 
surface of the target substrate are performed tWo or more 
times, and thus a titanium silicide ?lm having a predeter 
mined thickness can be formed. Further, since a titanium 
compound can be effectively reduced to titanium even at loW 
temperature through a hydrogen-plasma reducing process in 
the third process, the density of impurities such as Cl mixed in 
the titanium silicide ?lm can be greatly decreased. 

Further, in the third step, it is preferable that argon gas is 
not introduced into the processing chamber. Thus, the colli 
sion of argon atoms With the surface of the titanium silicide 
?lm formed on the silicon-containing surface of the target 
substrate can be prevented. By Way of this, the morphology of 
the surface of the titanium silicide ?lm is maintained in a good 
state. 

Further, after the titanium silicide ?lm having a predeter 
mined thickness has been formed by repeating the ?rst to third 
steps, the titanium ?lm formation step for repeating the fourth 
and ?fth steps tWo or more times is performed. Thus, the 
titanium ?lm can be formed on the titanium silicide ?lm. This 
titanium ?lm formation step is a processing method based on 
the plasma SFD. According to this processing, since a rela 
tively high ?lm forming rate can be obtained, a barrier layer 
including both a titanium silicide ?lm and a titanium ?lm can 
be formed in a short period of time. Further, according to the 
titanium ?lm formation step, the titanium ?lm having feW 
impurities can be formed even at loW temperature. 

In the titanium silicide ?lm formation step and the titanium 
?lm formation step, it is preferable that a temperature of the 
target substrate is adjusted to 4500 C. or less. In this Way, 
according to the present invention, the thermal budget of a 
semiconductor device can be reduced, and the degradation of 
electrical characteristics attributable to hi gh-temperature pro 
cessing can be prevented. 

It is preferable that, in the ?rst step, the hydrogen gas 
together With the titanium compound gas are introduced into 
the processing chamber, and in the second step, the hydrogen 
gas is continuously introduced into the processing chamber. 
By Way of this, the hydrogen gas can be used as purge gas for 
removing the titanium compound gas from the processing 
chamber. 

In the titanium ?lm formation step, it is preferable that 
argon gas is introduced into the processing chamber during at 
least a period in Which plasma is formed in the processing 
chamber. Thus, the decomposition of the titanium compound 
gas is accelerated, and the plasma can be stabiliZed, and thus 
the ef?ciency of ?lm formation can be improved. 

It is also possible that the ?lm forming method further 
includes: a titanium nitride ?lm formation step of forming a 
titanium nitride ?lm on the titanium ?lm, Wherein the tita 
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4 
nium nitride ?lm formation step is performed by repeating: a 
sixth step of generating plasma in the processing chamber 
While introducing the titanium compound gas and the hydro 
gen gas into the processing chamber to thereby form a tita 
nium ?lm on the target substrate, a seventh step of stopping 
introduction of the titanium compound gas into the process 
ing chamber to thereby remove the titanium compound gas 
remaining in the processing chamber, and an eighth step of 
generating plasma in the processing chamber While introduc 
ing a nitrogen compound gas into the processing chamber to 
thereby nitride the titanium ?lm. 

Further, in the substrate processing apparatus, it is prefer 
able that the gas supply unit is con?gured to selectively sup 
ply nitrogen compound gas into the processing chamber, and 
the control unit performs a titanium nitride ?lm formation 
step of forming a titanium nitride ?lm on the titanium ?lm by 
repeating: a sixth step of generating plasma in the processing 
chamber While introducing the titanium compound gas and 
the hydrogen gas into the processing chamber to thereby form 
a titanium ?lm on the target substrate, a seventh step of 
stopping introduction of the titanium compound gas into the 
processing chamber to thereby remove the titanium com 
pound gas remaining in the processing chamber, and an 
eighth step of generating plasma in the processing chamber 
While introducing a nitrogen compound gas into the process 
ing chamber to thereby nitride the titanium ?lm. 

According to the present invention, the sixth to eighth steps 
for stacking titanium nitride on the titanium ?lm are per 
formed tWo or more times, and thus a titanium nitride ?lm 
having a predetermined thickness can be formed. Further, in 
the titanium nitride ?lm formation step, a titanium nitride ?lm 
having feW impurities, such as Cl, can be formed even at loW 
temperature. Therefore, there is no need to increase a pro 
cessing temperature. 

In the titanium nitride ?lm formation step, it is preferable 
that a temperature of the target substrate is adjusted to 4500 C. 
or less. At this temperature, the thermal budget of a semicon 
ductor device can be reduced, and the degradation of electri 
cal characteristics attributable to high-temperature process 
ing can be prevented. 

In the titanium nitride ?lm formation step, it is also pos 
sible that argon gas is introduced into the processing chamber 
during at least a period in Which plasma is formed in the 
processing chamber. Thus, the plasma can be stabiliZed While 
the decomposition of the titanium compound gas is acceler 
ated, and thus the ef?ciency of ?lm formation can be 
improved. Further, since the decomposition of the nitrogen 
compound gas is also accelerated, the titanium ?lm is effec 
tively nitrided, and thus a titanium nitride ?lm having high 
quality can be formed. 

It is also possible that the titanium compound gas is TiCl4 
gas, and the nitrogen compound gas is NH3 gas. Through the 
employment of these gases, the titanium silicide ?lm, the 
titanium ?lm and the titanium nitride ?lm, each having high 
quality, can be e?iciently formed even at loW temperature. 

Further, according to the present invention, the titanium 
silicide ?lm formation step, the titanium ?lm formation step, 
and the titanium nitride ?lm formation step can be performed 
in a single processing chamber. That is, since there is no need 
to prepare a separate processing chamber for each process, 
the minimiZation of the substrate processing apparatus is 
possible. Further, since respective steps can be continuously 
performed in a single processing chamber, for example, posi 
tion alignment processing for the target substrate in the pro 
cessing chamber, or transfer processing betWeen processing 
chambers may be omitted. As a result, the throughput can be 
improved. Further, since continuous processing is possible 
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While the processing chamber is maintained in a vacuum 
state, ?lm formation can always be performed in clean envi 
ronments. 

According to the present invention, a barrier layer includ 
ing a high-quality Ti ?lm can be ef?ciently formed even at loW 
temperature, and a TiSi,C ?lm can be formed on the interface 
region betWeen the Ti ?lm and a substrate in a self-aligning 
manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional vieW shoWing an example of the 
con?guration of a substrate processing apparatus according 
to an embodiment of the present invention; 

FIG. 2 is a block diagram shoWing an example of the 
construction of the control unit (system controller) of FIG. 1; 

FIG. 3 is a block diagram shoWing an example of the 
construction of an Equipment controller (device control unit) 
in an embodiment of the present invention; 

FIG. 4 is a diagram shoWing an example of the construction 
of a processing chamber in the substrate processing apparatus 
of FIG. 1; 

FIG. 5 is a sectional vieW shoWing an example of the 
construction of a Ti ?lm and TiN ?lm formation processing 
chamber according to an embodiment of the present inven 
tion; 

FIG. 6 is a diagram shoWing a detailed example of the ?lm 
structure of a Si Wafer in an embodiment of the present 

invention; 
FIG. 7A is a diagram shoWing an impurity removal process 

according to an embodiment of the present invention; 
FIG. 7B is a diagram showing a ?rst Ti ?lm formation 

process according to an embodiment of the present invention; 
FIG. 7C is a diagram shoWing a second Ti ?lm formation 

process according to an embodiment of the present invention; 
FIG. 7D is a diagram shoWing a TiN ?lm formation process 

according to an embodiment of the present invention; 
FIG. 8 is a timing diagram shoWing a detailed example of 

a Ti ?lm formation process based on plasma ALD according 
to an embodiment of the present invention; 

FIG. 9 is a timing diagram shoWing a detailed example of 
a Ti ?lm formation process based onplasma SFD according to 
an embodiment of the present invention; 

FIG. 10 is a timing diagram shoWing a detailed example of 
a TiN ?lm formation process based on plasma SFD according 
to an embodiment of the present invention; 

FIG. 11 is a timing diagram shoWing another detailed 
example of a TiN ?lm formation process based on plasma 
SFD according to an embodiment of the present invention; 

FIG. 12 is a diagram shoWing the difference betWeen the 
thicknesses of Ti ?lms obtained When a Ti ?lm formation 
process based on plasma ALD and a Ti ?lm formation process 
based on plasma SFD are performed on a sample Wafer; 

FIG. 13 is a diagram shoWing the results of the analysis of 
components of a Ti ?lm formed on an Si ?lm by performing 
the Ti ?lm formation process based on plasma ALD on a 
sample Wafer; 

FIG. 14A is a diagram shoWing a Scanning Electron 
Microscope (SEM) picture of the section and the surface of a 
sample Wafer on Which plasma reduction is performed using 
Ar gas and H2 gas; 

FIG. 14B is a diagram shoWing an SEM picture of the 
section and the surface of a sample Wafer on Which plasma 
reduction is performed using only H2 gas; 

FIG. 15 is a diagram shoWing electrical characteristics of a 
Ti ?lm formed on an SiO2 ?lm When a Ti ?lm formation step 
based on plasma ALD is performed on a sample Wafer; 
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6 
FIG. 16 is a diagram shoWing the relationship betWeen the 

?lm thickness of a Ti ?lm formed on an SiO2 ?lm and the 
number of cycles of a ?lm formation step When a Ti ?lm 
formation step based on plasma ALD is performed on a 
sample Wafer; and 

FIG. 17 is a diagram shoWing the Wiring structure of a 
semiconductor device. 

DESCRIPTION OF REFERENCE CHARACTERS 

100 substrate processing apparatus 
102 common transfer chamber 

104(104A~104D) processing chamber 
105(105A~105D) mounting table 
106A~106D gate valve 
107A, 107B gate valve 
108(108A, 108B) load-lock chamber 
109(109A, 109B) transfer port 
110 loading transfer chamber 
112(112A~112C) introduction port 
114 orienter 
116 transfer mechanism 
116A, 116B pick 
118 loading transfer mechanism 
118A, 118B pick 
200 controller control unit 
300 EC 
310 CPU 
320 RAM 
330 display unit 
340 input/ output unit 
350 noti?cation unit 
360 program data storage unit 
362 transfer program 
364 process program 
370 process data storage unit 
374 process data 
400 plasma CVD processing chamber 
411 processing chamber 
412 susceptor 
413 support member 
414 guide ring 
415 heater 
416 loWer electrode 
1418 transfer port 
419 insulating member 
420 shoWer head 
421 base member 
422 shoWer plate 
423 heater 
424 gas injection opening 
425 gas diffusion space 
426 gas introduction port 
430 gas supply unit 
431 TiCl4 gas supply source 
431C~434C mass ?oW controller 
431L TiCl4 gas supply line 
432 Ar gas supply source 
432L Ar gas supply line 
433H2 gas supply source 
433L H2 gas supply line 
434 NH3 gas supply source 
434L NH3 gas supply line 
437 gas mixing unit 
438 gaseous mixture supply line 
440 heater poWer supply 
441 heater poWer supply 
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442 matching unit 
443 high frequency power supply 
450 gas exhaust chamber 
451 gas exhaust line 
452 gas exhaust unit 
460 Wafer supporting pin 
461 supporting plate 
462 driving mechanism 
500 silicon Wafer 
502 bare substrate 
503 silicon surface 
504 interlayer dielectric 
505 contact hole 
506 Ti ?lm 
506A ?rst Ti ?lm 
506B second Ti ?lm 
507 TiSi,6 ?lm 
508 TiN ?lm 
G gate valve 
W Wafer 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of the present invention Will be 
described in detail With reference to the attached draWings. 
The same reference numerals are used throughout the differ 
ent draWings to designate the same or similar components, 
and thus a repeated description thereof is omitted. 

(Example of Construction of Substrate Processing Appa 
ratus) 
An example of the construction of a substrate processing 

apparatus according to an embodiment of the present inven 
tion is described beloW With reference to the draWings. FIG. 1 
is a diagram schematically shoWing an example of the sub 
strate processing apparatus according to the present embodi 
ment. As shoWn in FIG. 1, the substrate processing apparatus 
100 includes a common transfer chamber 102 formed in an 
approximately polygonal shape (for example, a hexagonal 
shape), a plurality of (for example, 4) processing chambers 
104A to 104D con?gured to form a vacuum, tWo load-lock 
chambers 108A and 108B con?gured to form a vacuum, a 
loading transfer chamber 110 having an approximately rect 
angular shape, a plurality of (for example, 3) introduction 
ports 112A to 112C in Which a cassette capable of accommo 
dating a plurality of Wafers W is mounted, and an orienter 114 
con?gured to rotate each Wafer W and optically obtain the 
eccentricity thereof, thus performing a position alignment. 

The processing chambers 104A to 104D are connected to 
the circumference of the common transfer chamber 102 
through gate valves 106A to 106D, respectively. The process 
ing chambers 104A to 104D are provided With mounting 
tables 105A to 105D, respectively, Which are each con?gured 
to alloW a target substrate, for example, a semiconductor 
Wafer (hereinafter referred to as a IWaferJ) to be mounted 
thereon. Each of the processing chambers 104A to 104D is 
implemented to perform a predetermined process on the 
Wafer W mounted on a corresponding one of the mounting 
tables 105A to 105D. 

The common transfer chamber 102 includes a transfer 
mechanism 116 provided With tWo picks 116A and 116B for 
holding a Wafer W and con?gured to be bendable and rotat 
able. The common transfer chamber 102 is connected to the 
loading transfer chamber 110 through the tWo load-lock 
chambers 108A and 108B. The load-lock chamber 108A is 
connected both to the common transfer chamber 102 and to 
the loading transfer chamber 110 through gate valves 107A. 
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8 
The load-lock chamber 108B is connected both to the com 
mon transfer chamber 102 and to the loading transfer cham 
ber 110 through gate valves 107B. 

Further, a transfer port 109A at a connection part betWeen 
the common transfer chamber 102 and one of the tWo load 
lock chambers, for example, the load-lock chamber 108A, is 
used as an entry hole through Which a Wafer W is exclusively 
carried into the common transfer chamber 1 02. A transfer port 
109B at a connection part betWeen the common transfer 
chamber 102 and the other load-lock chamber 108B is used as 
an exit hole through Which a Wafer W is exclusively carried 
from the common transfer chamber 102. 
The loading transfer chamber 110 is connected to, for 

example, three introduction ports 112A to 112C and the ori 
enter 114. Further, the loading transfer chamber 110 includes 
a loading transfer mechanism 118 provided With tWo picks 
118A and 118B for holding a Wafer W and con?gured to be 
bendable, rotatable, liftable and linearly movable. 

Further, the substrate processing apparatus 100 is con 
nected to the control unit 200 and is con?gured such that 
respective components of the substrate processing apparatus 
100 are controlled by the control unit 200. 

(Example of Construction of Control Unit) 
An example of the construction of the control unit 200 of 

the substrate processing apparatus 100 is described With ref 
erence With the attached draWings. FIG. 2 is a block diagram 
shoWing the construction of the control unit (system control 
ler) 200. As shoWn in FIG. 2, the control unit 200 includes a 
device control unit (EC: Equipment Controller) 300, a plu 
rality of module control units (Module Controllers: MCs) 
230A, 230B, 230C, . . . , and a sWitching hub 220 for con 

necting the EC 300 to the respective MCs 230A, 230B, 
230C, . . . . 

The control unit 200 is connected from the EC 300 to a 
Manufacturing Execution System (MES) 204 for managing 
the entire manufacturing process of a company, in Which the 
substrate processing apparatus 100 is installed, over, for 
example, a Local Area Network (LAN) 202. The MES 204 is 
implemented using, for example, a computer. The MES 204 
performs a determination about a manufacturing process in 
consideration of the entire load of the company While feeding 
back real-time data about the manufacturing process of the 
company to a basic Working system (not shoWn) in conjunc 
tion With the control unit 200. 
The EC 300 uni?es the MCs 230A, 230B, 230C, . . . , and 

con?gures a main control unit (master control unit) for con 
trolling the entire operation of the substrate processing appa 
ratus 100. The sWitching hub 220 sWitches the connection 
location of the EC to the MCs 230A, 230B, 230C, . . . in 
response to a control signal from the EC 300. 
The respective MCs 230A, 230B, 230C, . . . constitute a 

sub-control unit (slave control unit) for controlling the opera 
tions of respective modules, such as the common transfer 
chamber 102, the processing chambers 104A to 104D, the 
load-lock chambers 108A and 108B, the transfer chamber 
110 and the orienter 114 of the substrate processing apparatus 
100. The respective MCs 230A, 230B, 230C, . . . are con 

nected to I/O (input/output) modules 236A, 236B, 236C, . . . 
via, for example, GHOST netWorks 206, by Way of respective 
Distribution (DIST) boards 234A, 234B, 234C, . . . . Each of 
the GHOST netWorks 206 is a netWork implemented by a 
Large-Scale Integration (LSI) called a General High-Speed 
Optimum Scalable Transceiver (GHOST) mounted on the 
MC board of the EC 300. The GHOST netWork 206 can be 
connected to a maximum of 31 U0 modules. Further, in the 
GHOST netWork 206, the MCs are masters, and the I/O 
modules are slaves. 
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Each ofthe I/O modules 236A, 236B, 236C, . . . includes a 

plurality of I/O units 238A, 238B, 238C, . . . Which are 

connected to respective components of the modules (herein 
after referred to as [end devices J), such as the processing 
chambers 104A to 104D, and performs the transmission of 
control signals to the end devices and of signals output from 
the end devices. For example, the end devices of the process 
ing chamber 104 may be a mass ?oW controller for control 
ling the ?oW rate of gas introduced into the processing cham 
ber 104, an Automatic Pressure Control (APC) valve for 
controlling the exhaust of air from the processing chamber 
104, etc. 
Each GHOST netWork 206 is also connected to an I/O 

board (not shoWn) for controlling the input/ output of digital 
signals, analog signals, and serial signals to/ from the I/ O units 
238A, 238B, 238C, . . . . 

Here, an example of the construction of the EC 300 shoWn 
in FIG. 2 is described beloW With reference to the draWings. 
FIG. 3 is a block diagram shoWing an example of the con 
struction of the EC 300. As shoWn in FIG. 3, the EC 300 
includes a Central Processing Unit (CPU) 310 constituting 
the main body of the EC, Random Access Memory (RAM) 
320 provided With a memory area used to process various 
types of data executed by the CPU 310, a display unit 330 
implemented using a Liquid Crystal Display (LCD) for dis 
playing a manipulation screen or selection screen, an input/ 
output unit 340 con?gured to perform the input operation of 
various types of data, such as the inputting or editing of a 
process recipe by an operator, and the output operation of 
various types of data, such as the outputting of a process 
recipe, a process, and log to a predetermined storage medium, 
and a noti?cation unit 350, such as an alarm (for example, a 
buZZer) con?gured to provide a Warning When an abnormality 
such as an electric leakage occurs in the substrate processing 
apparatus 100. 

Further, the EC 300 includes a program data storage unit 
360 for storing process programs required for the perfor 
mance of various processes by the substrate processing appa 
ratus 100, and a process data storage unit 370 for storing 
information (data) required for the execution of the process 
programs. The program data storage unit 360 and the process 
data storage unit 370 are constructed in a storage area, for 
example, a Hard Disc Drive (HDD). The CPU 310 executes 
various process programs by reading required programs and 
data from the program data storage unit 360 and the process 
data storage unit 370 as needed. 

The CPU 310, the RAM 320, the display unit 330, the 
input/output unit 340, the noti?cation unit 350, the program 
data storage unit 360, and the process data storage unit 370 are 
connected to each other through bus lines, such as a control 
bus and a data bus. The bus lines are also connected to the 
sWitching hub 220. 

In this case, an example of the control of the substrate 
processing apparatus 100 using the control unit 200 having 
the above-described construction is described beloW. In each 
of the processing chambers 104A to 104D, When various 
processes, for example, a Chemical Oxide Removal (COR) 
process, a Post Heat Treatment (PHT) process, a Ti ?lm 
formation step, and a TiN ?lm formation step are performed 
on a Si Wafer W, the CPU 310 ofthe EC 300 reads a process 
program to be executed from the process program 364 of the 
program data storage unit 360, reads the recipe data of a 
process to be performed from the process data 374 of the 
process data storage unit 370, and performs respective steps 
on the basis of the process program and the process recipe 
data. Further, the COR process and the PHT process are kinds 
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10 
of impurity removal processes. Detailed procedures of each 
process Will be described later. 
The CPU 310 performs each process by transmitting con 

trol signals to desired end devices via the MCs 230 for con 
trolling the sWitching hub 220 and the processing chambers 
104A to 104D, the GHOST netWorks 206, and the I/O units 
238 of the I/O modules 236, according to each process pro 
gram. 

In the control unit (system controller) 200 of FIG. 2, the I/O 
units connected to a plurality of end devices are implemented 
as modules, Without the plurality of end devices being 
directly connected to the EC 300, thus constituting the I/O 
modules. Since such an I/O module is connected to the EC 
300 via the MC and the sWitching hub 220, the communica 
tion system can be simpli?ed. 

Further, since control signals transmitted from the CPU 
310 of the EC 300 include the address of an I/O unit con 
nected to a desired end device, and the address of the I/O 
module including the I/O unit, the sWitching hub 220 refers to 
the address of the I/ O module included in the control signal, 
and the GHOST of the MC refers to the address of the I/ O unit 
included in the control signal, so that the sWitching hub 220 or 
the MC does not need to inquire of the CPU 310 about the 
destination of the control signals, thus realiZing the smooth 
transmission of the control signals. 

(Example of Construction of Processing Chambers) 
Next, an example of the construction of the processing 

chambers in the substrate processing apparatus 100 of FIG. 1 
is described beloW. The substrate processing apparatus 100 
can be con?gured to successively perform an impurity 
removal process for removing impurities, such as a native 
oxide ?lm, on a Si Wafer Without using plasma in a decom 
pression state, a Ti ?lm formation step for forming a Ti ?lm on 
the Si surface of the Si Wafer on Which the impurity removal 
process has been performed, and a TiN ?lm formation step for 
forming a TiN ?lm on the Ti ?lm. 

In this embodiment, for example, one of the processing 
chambers 104A to 104D is implemented as an impurity 
removal processing chamber for performing the impurity 
removal process, and another one thereof is implemented as a 
Ti ?lm and TiN ?lm formation processing chamber for per 
forming the Ti ?lm formation step (including the self-aligned 
silicidation of the Ti ?lm) and the TiN ?lm formation step. 
Further, When the impurity removal process is divided into 
tWo steps, that is, a product generation process (for example, 
COR process) and a product removal process (for example, 
PHT process), and the steps are separately performed, any 
tWo of the processing chambers 104A to 104D are imple 
mented as a product generation processing chamber and a 
product removal processing chamber, respectively. Further, it 
is also preferable that the Ti ?lm formation step and the TiN 
?lm formation step be performed in different processing 
chambers. In this Way, in the substrate processing apparatus 
100, the construction of respective processing chambers 
104A to 104D is designated depending on the details of 
processes to be performed. 

For example, in the case Where, for example, a Si Wafer W 
having a contact hole formed therein is introduced into the 
substrate processing apparatus 100, a COR process and a 
PHT process, as the above-described impurity removal pro 
cess, are successively performed on the Si Wafer W, and 
thereafter a Ti ?lm formation step and a TiN ?lm formation 
step are successively performed, an example of the construc 
tion of the processing chambers in the substrate processing 
apparatus 100 is shoWn in FIG. 4. 
As shoWn in FIG. 4, in the substrate processing apparatus 

100 according to the present embodiment, processing cham 


















